###### Strengths and limitations of this study

-   The Saudi public's knowledge of and attitudes toward clinical trials (CTs) are under-researched.

-   This is the first study to explore the Saudi public's knowledge and attitudes in terms of the different phases of CTs in adult and paediatric populations.

-   The main limitation is possible selection bias due to convenience sampling.

Introduction {#s1}
============

A clinical trial (CT) is a superior research tool for advancing medical knowledge and practice as the results are considered to provide the highest level of evidence for medical practice and decision-making.[@R1] Volunteer participation is at the core of a successful CT. The involvement of an adequate number of participants is crucial in achieving the study's objectives, namely testing the hypothesis and answering the research questions. Failure to recruit an adequate number of participants could result in wasted time, money and effort.[@R2] It may also delay the acceptance of the trial results and the completion of the drug development process.

Knowledge of and attitudes toward CTs are considered major challenges in participant recruitment.[@R3] Several studies have reported that knowledge of CTs and attitudes toward participation are interrelated,[@R7] as increased knowledge promotes a positive attitude toward CT participation. Low recruitment rates for CTs may be improved by increasing the public's knowledge about CTs[@R6] and by highlighting how participation can contribute to the improvement of the public's health.[@R12] Improving the public's knowledge of CTs represents an important initial step in improving CT recruitment in the future.[@R9]

Clinical research in the Kingdom of Saudi Arabia (KSA) has made advancements during the last few decades.[@R15] Saudi researchers have contributed to medical literature by conducting different types of research, including investigator-initiated CTs and international multicenter-sponsored CTs.[@R15] Measuring the Saudi public's knowledge of and attitudes toward CTs is crucial for assessing their acceptance of CTs and to provide an evidence base to improve CT recruitment and decision-making. In addition, such an endeavour can provide reliable information that can aid researchers and healthcare leaders in strategic planning of public engagement in CT awareness campaigns. From the public's perspective, these efforts may be beneficial through increasing their knowledge and awareness of CTs, improving medical knowledge through dissemination of CT results and sharing of public preferences for future CTs.

Several studies have reported the knowledge and attitudes of patients or families toward CTs in healthcare settings in the KSA[@R16]; however, studies measuring the knowledge and attitudes of the general Saudi public are lacking. The purpose of this study was to assess the Saudi public's general knowledge of and attitudes toward CTs and more specifically, their attitudes toward participation in CTs for drug development.

The study addressed the following four questions: What does the Saudi public know about CTs? What is the attitude of individuals in the KSA toward CTs and participation in CTs? Is there a correlation between the level of public knowledge and the attitudes of Saudi individuals toward CTs? What factors are associated with the levels of public knowledge and attitudes toward CTs in the Saudi population?

Materials and methods {#s2}
=====================

Setting {#s2-1}
-------

This cross-sectional study was conducted between 2 February 2016 and 19 February 2016 at the Al Jenadriyah cultural and heritage festival. The festival takes place in Riyadh and hosts millions of residents and visitors from different regions in the country. We selected this event as it provided us with a unique chance to interview a representative cross-section from all regions of the KSA.

Study participants {#s2-2}
------------------

The study included adults of both genders who were willing to participate. A convenience sampling approach was used. Participating booths and exhibition halls in the festival were approached and festival visitors were invited to participate in the study. All participants provided informed consent by checking the YES box indicating their willingness to complete the questionnaire. Respondents did not receive any compensation for participation in the study.

Patient and public involvement {#s2-3}
------------------------------

The public was not included in the development of the research questions or the design of the study. However, the questionnaire was pretested with a different sample of the general public before implementation.

Sample size {#s2-4}
-----------

The population of the KSA is approximately 31 742 308 (Central Department of Statistics and Information), including 11 677 338 expatriates (non-Saudi).[@R21] On the basis of this population estimate, a 0.05 margin of error, a 95% confidence level and a response rate of 50%, the minimum sample size calculated for this study was 385. We targeted a sample size of 1000 to account for sampling errors and variability between the characteristics of our sample and the general Saudi population.

Data collection {#s2-5}
---------------

A structured questionnaire, developed in Arabic, was divided into three sections: demographic information, knowledge and attitudes.

The following variables were included in the demographic information section: gender, age, educational level, monthly income, nationality, residential area, marital status, employment status, health insurance, chronic diseases, medical background (working in a healthcare facility or having health-related education) and previous participation in medical research.

The knowledge section was composed of 12 questions, and the participants' responses were scored as correct (score=1) or incorrect/not sure (score=0). The total knowledge score was converted to a percentage mean score with a possible maximum value of 100, where a score of 100 indicates perfect knowledge of CTs.

The attitude section was composed of 9 direct questions, and participant answers were scored as positive (score=1) or negative/not sure (score=0). The total attitude score was converted to a percentage mean score with a possible maximum value of 100, where a score of 100 indicates a positive attitude toward CTs.

Based on previous studies, the overall knowledge and attitude levels were classified into three categories following Bloom's cut-off point criteria: above 80% (high level), 60% to 79% (moderate level) and less than 60% (low level).[@R22]

We used simple language so as to enable the participants to answer the questions even if they were not aware of CTs. The questionnaire was validated using a content validation process. A panel of expert analysts evaluated the questions, rating each one as essential, useful or irrelevant in the context of measuring knowledge and attitudes. The questionnaire was pretested using a sample of 28 participants. As a result of the pretest, complex scientific terms were simplified. Reliability was tested by calculating the Cronbach's alpha for the pretest sample for both the knowledge and attitude sections (21 items). The Cronbach's alpha was 0.81.

Data analysis {#s2-6}
-------------

The categorical variables were represented as frequency and percentage and the continuous variables as mean±SD. Normality was tested by the skewness coefficient, which indicated that the knowledge and attitude data were normally distributed. The Student's t-test and one-way analysis of variance were used as tests of significance. The Pearson's correlation coefficient was used to calculate the correlation between the knowledge and attitude scores. A generalised linear model was used to determine the factors independently associated with knowledge of and attitudes toward CTs. In this model, we controlled for gender, age, education, monthly income, nationality, residential area, marital status, employment, health insurance, chronic disease, medical background, previous medical research participation and medical research participation by someone close. All calculations were performed using SPSS V.23 (SPSS Inc, Chicago, Illinois, USA).

Results {#s3}
=======

Participant characteristics {#s3-1}
---------------------------

A total of 1084 members of the public were approached to participate in the study. In total, 938 (86.5%) agreed to complete the questionnaire. Of the 938 participants, most were males (61.6%). The age groups with the highest representation were 18 to 30 years (54.2%) and 31 to 40 years (27.6%). The majority of the participants (60.1%) reported achieving a tertiary educational level and 75.7% reported a monthly income of equal or less than 10 000 Saudi Arabian riyal, which is equivalent to approximately 2700 United States dollars. Approximately half of the participants were single (48.7%), and 22.2% indicated having been diagnosed with a chronic disease. Just more than a quarter (27.7%) of the sample had a medical background (working in a healthcare facility or having health-related education). A small group (15.9%) declared that they had previously participated in medical research, and 26.5% knew someone who had participated in medical research in the past ([table 1](#T1){ref-type="table"}).

###### 

Participant characteristics and unadjusted factors associated with knowledge and attitudes

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                                                  Group               Overall\   Knowledge\               Attitudes\                                                
                                                                                       n=938      overall mean=56.8±24.8   overall mean=61.5±28.0                                    
  ---------------------------------------------------------------- ------------------- ---------- ------------------------ ------------------------ ------- --------- ------- ------ ---------
  Gender                                                           Male                577        61.6                     51.37                    24.4    0.001\*   57.40   28.0   0.001\*

  Female                                                           360                 38.4       65.62                    22.9                     67.90   26.8                     

  Age                                                              18--30              508        54.2                     55.45                    26.0    0.001\*   59.36   28.2   0.007\*

  31--40                                                           259                 27.6       60.07                    23.2                     63.28   27.8                     

  41--60                                                           153                 16.3       58.17                    22.0                     66.67   26.0                     

  61+                                                              18                  1.9        37.50                    22.7                     50.62   34.1                     

  Education                                                        Not educated        27         2.9                      35.19                    18.0    0.001\*   46.09   29.8   0.001\*

  High school or lower                                             347                 37.0       48.37                    22.7                     57.25   28.0                     

  University, college or higher                                    563                 60.1       63.06                    24.2                     64.81   27.3                     

  Monthly income                                                   No income           195        20.8                     49.62                    22.7    0.001\*   57.78   28.5   0.084

  Less than 5000 SAR\                                              280                 29.9       56.13                    26.1                     62.02   27.2                     
  Less than 1300 USD                                                                                                                                                                 

  5001 to 10 000 SAR\                                              234                 25.0       56.73                    23.0                     60.64   28.2                     
  1301 to 2700 USD                                                                                                                                                                   

  10 001 to 15 000 SAR\                                            148                 15.8       61.43                    24.2                     63.74   28.0                     
  2701 to 4000 USD                                                                                                                                                                   

  More than 15 000 SAR\                                            79                  8.5        68.88                    25.3                     67.37   27.9                     
  More than 4000 USD                                                                                                                                                                 

  Nationality                                                      Saudi               817        87.3                     57.27                    24.6    0.143     62.10   27.7   0.095

  Non-Saudi                                                        119                 12.7       53.71                    25.8                     57.52   29.4                     

  Residential area                                                 Central region      707        75.4                     59.21                    24.4    0.001\*   62.93   28.5   0.055

  Western region                                                   86                  9.2        52.52                    27.6                     59.04   28.3                     

  Northern region                                                  59                  6.3        46.19                    25.0                     53.48   25.1                     

  Southern region                                                  60                  6.4        49.31                    20.7                     57.04   22.5                     

  Eastern region                                                   26                  2.8        47.76                    21.3                     58.12   26.9                     

  Marital status                                                   Single              455        48.7                     56.06                    26.7    0.549     60.59   28.3   0.130

  Married                                                          444                 47.5       57.04                    22.8                     61.61   27.5                     

  Other                                                            35                  3.8        60.48                    22.1                     70.48   28.8                     

  Employment                                                       Student in school   78         8.3                      47.54                    24.0    0.001\*   56.13   27.4   0.028\*

  Undergraduate student/university or college                      166                 17.8       63.15                    26.0                     65.66   25.6                     

  Government sector                                                235                 25.0       61.70                    24.1                     64.68   28.1                     

  Private sector                                                   208                 22.2       56.29                    25.4                     59.56   28.0                     

  Military                                                         54                  5.7        52.16                    23.2                     55.76   30.6                     

  Private work/ owner                                              61                  6.8        50.68                    22.5                     56.65   31.1                     

  Retired                                                          26                  2.7        51.92                    21.9                     65.38   31.5                     

  Not working                                                      62                  6.6        44.49                    21.7                     57.17   26.3                     

  Housewife                                                        47                  4.9        59.22                    18.9                     64.30   26.2                     

  Health insurance                                                 Governmental        560        59.7                     58.23                    25.2    0.001\*   64.09   27.4   0.001\*

  Private                                                          116                 12.4       58.41                    25.0                     58.43   30.1                     

  Other                                                            226                 24.1       55.20                    22.5                     58.46   27.4                     

  No insurance                                                     36                  3.8        40.05                    24.9                     49.38   28.8                     

  Chronic disease                                                  Yes                 208        22.2                     53.21                    23.7    0.017\*   59.19   27.7   0.183

  No                                                               730                 77.8       57.85                    25.0                     62.12   28.0                     

  Medical background                                               Yes                 259        27.7                     65.99                    26.6    0.001\*   67.35   27.5   0.001\*

  No                                                               677                 72.3       53.37                    23.1                     59.23   27.9                     

  Previous medical research participation                          Yes                 149        15.9                     65.83                    25.8    0.001\*   66.44   27.6   0.001\*

  Was requested, but didn't participate                            11                  1.1        50.00                    22.4                     63.64   27.3                     

  No                                                               737                 78.6       55.54                    24.3                     60.65   28.1                     

  Not sure                                                         41                  4.4        48.98                    22.3                     57.45   26.0                     

  Do you know somebody who has participated in medical research?   Yes                 248        26.5                     60.42                    24.6    0.001\*   62.23   27.6   0.100

  No                                                               596                 63.6       57.30                    24.6                     62.99   27.8                     

  Not sure                                                         93                  9.9        44.18                    23.1                     49.46   27.7                     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Significant at α=0.05.

SAR, Saudi Arabian riyal; USD, United States dollar.

Knowledge about clinical trials in the KSA {#s3-2}
------------------------------------------

The overall percentage mean score±SD for knowledge regarding CTs was 56.8±24.8. Although some participants were not aware of the term, almost half (43.7%) could define the concept correctly. Most of the participants (71.8%) agreed that CTs are subject to ethical guidelines, but only 26.8% were aware of the concept of an institutional review board ([table 2](#T2){ref-type="table"}). The majority (81.1%) was aware of the Saudi Food and Drug Authority (SFDA), and 66.4% were aware of the SFDA role in the regulation of CTs. Most of the participants (72.1%) agreed that CTs benefit the community, and 46.5% responded correctly regarding the benefits of CTs for the study participants. Approximately half of the sample was aware of the conditions governing the initiation of CTs (56.0%) as well as the right of CT participants to withdraw from a study at any time (47.6%). Other findings from the knowledge section of the questionnaire are listed in [table 2](#T2){ref-type="table"}.

###### 

Participants' knowledge-related responses

  Variables                                                                      *n* (% of participants)
  ------------------------------------------------------------------------------ -------------------------
  Have you heard about clinical trials?                                          
   Yes                                                                           289 (30.8)
   No/not sure                                                                   648 (69.1)
  What is the definition of a clinical trial?                                    
   Studies in clinics to survey patients' opinions about healthcare topics       139 (14.8)
   Experiments on animals                                                        119 (12.7)
   Studies to test new drugs or procedures on humans                             410 (43.7)
   Graduation projects for medical students                                      62 (6.6)
   Not sure                                                                      208 (22.2)
  Have you heard about an IRB?                                                   
   Yes                                                                           251 (26.8)
   No                                                                            685 (73.1)
  Have you heard of the SFDA?                                                    
   Yes                                                                           761 (81.1)
   No                                                                            177 (18.9)
  Does the SFDA play a role in regulating clinical trials?                       
   Yes                                                                           622 (66.4)
   No                                                                            315 (33.6)
  Are there ethical guidelines to regulate the conduct of clinical trials?       
   Yes                                                                           673 (71.8)
   No                                                                            265 (28.3)
  Are there direct benefits for participants in clinical trials?                 
   Definitely                                                                    313 (33.4)
   Definitely not                                                                35 (3.7)
   No benefit or harm                                                            19 (2.0)
   Possible benefit or harm                                                      436 (46.5)
   Not sure                                                                      135 (14.4)
  Do clinical trials have direct benefits for the community?                     
   Yes                                                                           676 (72.1)
   No                                                                            262 (27.9)
  When can an investigator start clinical trials?                                
   Any time they want                                                            42 (4.5)
   Only with participant agreement                                               135 (14.4)
   After obtaining manager approval                                              41 (4.4)
   They should obtain approval from responsible authorities                      525 (56.0)
   Not sure                                                                      195 (20.8)
  Can an investigator recruit patients without their approval?                   
   Yes                                                                           250 (26.7)
   No                                                                            687 (73.3)
  Can participants freely withdraw from clinical trials anytime?                 
   Yes                                                                           446 (47.6)
   No                                                                            492 (52.5)
  May published articles include confidential patient information (eg, names)?   
   Yes                                                                           318 (33.9)
   No                                                                            620 (66.1)
  Knowledge score out of 100 (12 questions)                                      **56.8±** **24.8**

IRB, Institutional Review Board; SFDA, Saudi Food and Drug Authority.

Attitudes toward CTs in the KSA {#s3-3}
-------------------------------

The overall percentage mean score±SD for Saudi attitudes toward CTs was 61.5±28.0 out of 100. Most of the participants (59.5%) had a positive attitude toward testing new drugs on adult patients in the KSA, and 63.2% were positive about testing approved/off-label drugs (approved and marketed drugs for other indications) on patients. However, only 30.5% of the participants were positive about conducting CTs using healthy volunteers (Phase I). The attitudes were similar for paediatric CTs, as 48.2% and 56.4% agreed with testing new drugs or approved/off-label drugs on paediatric patients, respectively. The majority of the participants (72.7%) agreed that CTs are important in terms of drug development, and 69.1% showed at least possibility of participating in a CT should they or a close family member be presented with the opportunity. The majority of the participants (86.8%) indicated a willingness to learn more about CTs. Other findings from the attitude section of the questionnaire are listed in [table 3](#T3){ref-type="table"}.

###### 

Participants' attitude-related responses

  Variables                                                                                *n* (%)
  ---------------------------------------------------------------------------------------- --------------------
  Do you agree with testing new drugs on patients?                                         
   Yes                                                                                     558 (59.5)
   No/not sure                                                                             380 (40.5)
  Do you agree with testing approved drugs on patients?                                    
   Yes                                                                                     593 (63.2)
   No/not sure                                                                             345 (36.8)
  Do you agree with testing new drugs on healthy volunteers?                               
   Yes                                                                                     286 (30.5)
   No/not sure                                                                             651 (69.5)
  Do you agree with testing new drugs on paediatric patients?                              
   Yes                                                                                     452 (48.2)
   No/not sure                                                                             485 (51.8)
  Do you agree with testing approved drugs on paediatric patients?                         
   Yes                                                                                     528 (56.4)
   No/not sure                                                                             409 (43.7)
  Do you agree with participating/having a family member participate in clinical trials?   
   Yes                                                                                     252 (26.9)
   Possibly                                                                                395 (42.2)
   No/not sure                                                                             290 (31.0)
  What is your perception regarding clinical trials?                                       
   Not important                                                                           41 (4.4)
   Very important for drug development                                                     682 (72.7)
   Important only for pharmaceutical companies to earn money                               54 (5.8)
   Not sure                                                                                161 (17.2)
  Are you willing to learn about clinical trials?                                          
   Yes                                                                                     814 (86.8)
   No                                                                                      124 (13.2)
  Do you trust research teams?                                                             
   Yes                                                                                     629 (67.1)
   No/not sure                                                                             309 (32.9)
   Attitude score out of 100 (9 questions)                                                 **61.5±** **28.0**

Factors associated with increased knowledge and more positive attitudes toward CTs {#s3-4}
----------------------------------------------------------------------------------

The univariate analysis revealed that females had a higher level of knowledge about CTs than males. In addition, participants in the 31 o 40 age group had the highest level of knowledge ([table 1](#T1){ref-type="table"}). CT-related knowledge increased with an increased level of education (p=0.001) as well as an increased monthly income (p=0.001). Participants from the Central region of the KSA had a higher level knowledge compared with those from other regions (p=0.001) ([table 1](#T1){ref-type="table"}). Undergraduate students and governmental employees had a higher level of knowledge compared with those from other employment categories (p=0.001) ([table 1](#T1){ref-type="table"}). Having governmental or private health insurance (p=0.001) was associated with a higher level of CT-related knowledge. Noteworthy is that participants without chronic diseases had a higher level of knowledge than those with chronic diseases (p=0.017). Previous participation in medical research or knowing someone who had participated was associated with better CT-related knowledge (p=0.001) ([table 1](#T1){ref-type="table"}).

After adjusting for possible confounders, the beta coefficients for participants who were male (B=--14.1; p=0.001), uneducated (B=--19.6; p=0.001) and low income (B=--9.7; p=0.011 for no income, B=-9.1; p=0.005 for 5000 SAR or less and B=-6.9; p=0.022 for 6000 to 10000 SAR) and who had no medical background (B=--4.7; p=0.015) had significantly lower knowledge scores. By contrast, participants aged 41 to 60 years (B=12.1; p=0.036) and those with health insurance (B=12.9; p=0.003 for govermental, B=16.5; p=0.001 for private and B=12.8; p=0.003 for other) were more knowledgeable regarding CTs ([table 4](#T4){ref-type="table"}).

###### 

Independent factors associated with the Saudi public's knowledge of and attitudes toward clinical trials

  Characteristics                                                          Knowledge   Attitudes                                                   
  ------------------------------------------------------------------------ ----------- ----------- --------- --------- -------- --------- -------- ---------
  (Intercept)                                                              48.2        26.83       69.48     0.001\*   57.4     30.72     84.01    0.001\*
  Gender (reference: female)                                                                                                                       
   Male                                                                    --14.1      --17.49     --10.65   0.001\*   --9.2    --13.42   --4.88   0.001\*
  Age (reference: 61+)                                                                                                                             
   18--30                                                                  9.2         --2.86      21.31     0.135     --0.8    --15.87   14.33    0.920
   31--40                                                                  11.2        --0.56      22.92     0.062     3.7      --10.98   18.34    0.623
   41--60                                                                  12.1        0.80        23.44     0.036\*   10.6     --3.55    24.73    0.142
  Education (reference: university, college or higher)                                                                                             
   Not educated                                                            --19.6      --29.64     --9.66    0.001\*   --18.4   --30.88   --5.92   0.004\*
   High school or lower                                                    --8.2       --12.10     --4.37    0.001\*   --5.1    --9.94    --0.29   0.038\*
  Monthly income (reference: more than 15 000 SAR)                                                                                                 
   No income                                                               --9.7       --17.17     --2.19    0.011\*   --1.0    --10.38   8.34     0.831
   5000 SAR or less                                                        --9.1       --15.48     --2.79    0.005\*   0.4      --7.50    8.35     0.916
   5001 to 10 000 SAR                                                      --6.9       --12.71     --1.00    0.022\*   0.0      --7.36    7.28     0.992
   10 001 to 15 000 SAR                                                    --3.6       --9.65      2.38      0.236     1.2      --6.28    8.73     0.749
  Nationality (reference: non-Saudi)                                                                                                               
   Saudi                                                                   --1.6       --6.80      3.63      0.552     1.0      --5.52    7.51     0.764
  Residential area (reference: Eastern region)                                                                                                     
   Central region                                                          3.6         --4.94      12.05     0.412     --0.5    --11.14   10.08    0.922
   Western region                                                          1.9         --7.60      11.39     0.696     --0.9    --12.73   11.00    0.886
   Northern region                                                         --10.8      --20.77     --0.76    0.035\*   --12.7   --25.19   --0.20   0.046\*
   Southern region                                                         --1.1       --10.89     8.76      0.832     --5.3    --17.61   6.93     0.393
  Marital status (reference: other)                                                                                                                
   Single                                                                  1.4         --6.94      9.81      0.736     --3.1    --13.55   7.37     0.563
   Married                                                                 0.9         --6.80      8.67      0.813     --4.5    --14.17   5.15     0.360
  Employment (reference: housewife)                                                                                                                
   Student                                                                 --5.1       --14.08     3.97      0.272     2.1      --9.21    13.34    0.719
   Undergraduate student                                                   0.2         --8.60      8.99      0.965     3.7      --7.26    14.71    0.506
   Government sector                                                       --3.0       --11.56     5.55      0.491     1.0      --9.70    11.67    0.857
   Private sector                                                          --5.1       --13.65     3.51      0.247     --1.0    --11.75   9.69     0.850
   Military                                                                --10.3      --20.56     --0.03    0.049\*   --0.9    --13.75   11.89    0.887
   Private work                                                            --6.4       --15.54     2.72      0.169     --2.8    --14.18   8.64     0.634
   Retired                                                                 --0.3       --11.73     11.19     0.963     8.5      --5.86    22.76    0.247
   Not working                                                             --5.2       --14.01     3.53      0.241     3.5      --7.45    14.45    0.531
  Health insurance (reference: no insurance)                                                                                                       
   Governmental                                                            12.9        4.48        21.33     0.003\*   10.1     --0.45    20.60    0.061
   Private                                                                 16.5        7.06        25.95     0.001\*   4.4      --7.42    16.18    0.467
   Other                                                                   12.8        4.49        21.08     0.003\*   7.9      --2.50    18.22    0.137
  Chronic diseases (reference: yes)                                                                                                                
   No                                                                      --2.2       --5.75      1.27      0.211     --3.5    --7.91    0.87     0.116
  Medical background (reference: yes)                                                                                                              
   No                                                                      --4.7       --8.47      --0.90    0.015\*   --5.0    --9.70    --0.24   0.039\*
  Participated in medical research (reference: no)                                                                                                 
   Yes                                                                     6.0         --1.78      13.77     0.131     1.7      --8.04    11.38    0.736
  Knew somebody who had participated in medical research (reference: no)                                                                           
   Yes                                                                     12.3        7.07        17.55     0.001\*   10.4     3.88      16.97    0.002\*

\*Significant at α=0.05.

SAR, Saudi Arabian riyal.

In terms of attitudes, females were more positive toward CTs (p=0.001) than males. The 31 to 40 and 41 to 60 age groups were more positive compared with other age categories (p=0.007), and having a higher educational level was also associated with a more positive attitude (p=0.001) ([table 1](#T1){ref-type="table"}). As with the knowledge section, undergraduate students and governmental employees were more positive toward CTs (p=0.028) than participants in other employment categories ([table 1](#T1){ref-type="table"}), as were those with governmental or private health insurance (p=0.001). Participants with a medical background or who had previously participated in medical research tended to be more positive (p=0.001) compared with participants with no medical background or who had never participated in medical research ([table 1](#T1){ref-type="table"}).

After adjusting for the possible confounders, participants who were male (B=--9.2; p=0.001), uneducated (B=--18.4, p=0.004) or did not have a medical background (B=--5.0; p=0.039) were associated with more negative attitudes toward CTs ([table 4](#T4){ref-type="table"}).

Correlation between Saudi public's knowledge of and attitudes toward clinical trials {#s3-5}
------------------------------------------------------------------------------------

Our results indicated a moderately positive relationship between the Saudi public's knowledge of and attitudes toward CTs (Pearson's *r*=0.564, p=0.0001). Therefore, we predict that as the Saudi public's knowledge of CTs increases, they will become more positive toward CTs.

Discussion {#s4}
==========

This public survey revealed a general lack of knowledge regarding CTs. Most of the participants could not identify or correctly define the term 'CT'. Although most of the participants were aware of the voluntary nature of participation in CTs, they were not aware of their right to withdraw from CTs. The current results are supported by similar findings in studies conducted in healthcare settings (with patients and/or their families) within the KSA.[@R17] The reason may be the lack of institutional and national campaigns promoting CTs.[@R5]

Although most of the participants agreed that CTs are governed by ethical principles, they were not aware of Institutional Review Boards (IRBs) and their role in protecting human participants. In a study conducted in a healthcare setting, Sheblaq *et al* reported that the majority of the patients diagnosed with cancer were not aware of the role of the IRB.[@R17] The public tends to expect the authorities to protect them, even though they are not aware of exactly who plays this role. We observed this phenomenon repeatedly when participants responded positively to questions regarding their trust in the study team and in their compliance with regulatory guidelines when initiating a trial or recruiting participants. The Saudi public recognised the SFDA and its role in CTs, most likely owing to their well-known food and drug-related regulatory activities in the KSA.

The Saudi public's overall attitude toward participation in CTs was moderately positive. The Saudi public agrees that CTs may be beneficial for both society as a whole and individual participants. In addition, trust in the study team may explain the favourable attitude toward participation in CTs. It could be argued that participant responses may change in real-life situations such as in healthcare settings. However, our results are consistent with other studies investigating the opinions of patients and families regarding participation in CTs in the KSA.[@R16]

Similarly, but to a lesser degree, the Saudi public agreed with the idea of conducting paediatric CTs for approved/off-label drugs. However, only 48% of the participants indicated that it is acceptable to test new drugs on paediatric participants. Objection to the use of new drugs or vaccines was one of the factors underlying the opposition to paediatric CTs.[@R26] Although the study did not explore the reasons underpinning the objections to participating in CTs, we believe that the fear of adverse events, as well as safety concerns, may have been responsible.[@R25]

Phase I CTs, which often involve testing new drugs on healthy volunteers, are important in the process of drug development. However, several ethical dilemmas influence conducting such studies with healthy volunteers and patients.[@R28] In our study, the Saudi public displayed negative attitudes toward testing new drugs on healthy volunteers. Only 30.5% of the participants agreed with the idea of conducting CTs on healthy volunteers in the KSA. This sentiment may be related to the lack of knowledge regarding the purpose of testing new drugs on healthy volunteers. Conducting public educational campaigns about CTs is necessary for improving the Saudi public's knowledge and awareness about CTs.

Consistent with other studies,[@R9] participants' attitudes toward CTs were markedly dependent on their knowledge of CTs. We predict that as their knowledge increases, the Saudi public will become more positive regarding CTs. A low level of knowledge regarding CTs may indicate misunderstanding or confusion regarding the purposes of the different phases of CTs. In turn, participants' answers may have been affected by insufficient knowledge. We believe that many participants used their common sense to answer some survey questions and may have begun to recognise the meaning of CTs while answering further questions. These observations support the need for CT-related public educational campaigns, since the majority of the participants were interested in learning more about CTs.

Male gender, lower education, lack of a medical background, lower monthly income, a lower age group and lack of health insurance were independently associated with a low level of knowledge regarding CTs among the Saudi public. Male gender, less education and the lack of a medical background were independently associated with negative attitudes toward CTs. Our results are consistent with an American household survey conducted to assess the level of public participation in and awareness of clinical and translational research, where higher levels of income and education were associated with higher participation and awareness.[@R29] In a study conducted with patients diagnosed with cancer in a healthcare setting, lower educational and income levels, as well as race and ethnicity, were associated with decreased awareness of CTs.[@R9] Similarly, lower income and education were associated with a reduced willingness to participate in CTs in African-American patients diagnosed with cancer.[@R30] A study of patients with cancer in the KSA found that higher education was the only significant predictor of trial participation.[@R17]

Unlike other studies with the public or in healthcare settings,[@R5] gender was independently associated with knowledge and attitudes. Males were associated with a lower level of knowledge and with a more negative attitude toward CTs. The underlying rationale has not been clearly discussed in the literature. Gender differences regarding knowledge of and attitudes toward CTs should be considered in future studies.

In the previous studies investigating knowledge of and attitudes toward CTs in the KSA, sample sizes were much smaller than ours and mainly involved patients and/or their families in healthcare settings.[@R17] To our knowledge, this is the first Saudi study exploring the public's knowledge of and attitudes toward CTs outside of a healthcare setting. Furthermore, it is the first study to solicit public perspectives regarding the different phases of CTs conducted in adult and paediatric populations.

Conclusion {#s5}
==========

The Saudi public has a low level of knowledge and moderately positive attitudes toward CTs. Increasing the Saudi public's knowledge may contribute to positive attitudes toward participation in and support of CTs; this supports our proposition of educational campaigns to increase awareness and knowledge of CTs. These campaigns should target the less knowledgeable subgroups identified in this study and focus on the importance of evaluating new drugs on healthy volunteers (Phase I clinical trials). In addition, our results support conducting and investing in CTs in the KSA. Conducting similar studies in the future, taking the limitations of this study into consideration, may facilitate measuring the improvement of knowledge over time. We also recommend in-depth qualitative and focus group-based studies for a deeper understanding of participant perspectives.

Study limitations {#s5-1}
-----------------

The main limitation in this study is related to possible selection bias due to the use of convenience sampling; however the effect of this limitation may have been minimised by the large sample size and the diversity of the visitors. For example, in our sample, the distribution of males (61.6%) was slightly higher than in the general population, while in the 31 to 40 age group, it was 27.6%, which is slightly lower than in the general population.
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